In order to evaluate the impact of HLA-DBP1 incompatibilities on the occurrence of acute graft-versus-host disease (GVHD) in unrelated hematopoietic cell transplantation, we studied 57 donor/recipient pairs characterized by their allelic identity for HLA-A, B, C, DRB1 and DQB1 and also for DRB3, 4, 5 loci and aimed to correlate DPB1 mismatches to already described risk factors for GVHD using multivariate Cox regression analysis. DPB1 identity between donor and recipient was observed in 24% and DPB1 compatibility (GVHD vector) in 42%. Two factors were independently associated with severe acute GVHD: two DP incompatibilities (RR = 8.25, 95% confidence interval (CI): 1.67-40.10, P = 0.010) and disease risk (RR = 10.23, 95% CI: 1.12-93.13, P = 0.012). Two DPB1 incompatibilities appeared also to be a factor in poorer survival independent of its effect on acute GVHD (RR = 4.97, 95% Cl: 1.80-13.71, P = 0.002). A correlation between acute GVHD and matching for each individual DPB1 polymorphic region and for residue 69 of the DP␤ molecule, which seems to be a key residue in the alloimmune response, was not observed. Our data indicate that the outcome of unrelated hematopoietic cell transplantation in terms of GVHD but also survival, could be improved through HLA-DPB1 matching or at least by avoiding two DPB1 mismatches. Bone Marrow Transplantation (2002) 30, 497-502. doi:10.1038/sj.bmt.1703658 Keywords: HLA-DPB1; unrelated donor; acute graft-versus-host-disease; survival
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HLA matching between donors and recipients is the major factor influencing the outcome of allogeneic BMT. Unrelated donor selection generally relies on matching for HLA-A, -B, -C, -DRB1 and -DQB1, but does not consider HLA-DP. With a complete HLA identity for these five loci between donors and recipients, HLA DPB1 disparity is observed in 60-70% of these cases. This is accounted for by the extreme polymorphism of DP genes (85 DPB1 alleles coding for 78 different DP␤1 chains) and for the weak or absent linkage disequilibrium between DP and DR-DQ loci.
HLA-DP molecules are MHC class II molecules from a structural point of view and can present peptides to T cells, 2 thereby provoking T cell responses. Nonetheless, the role of the HLA-DP in unrelated transplantation has been controversial and remains ill-defined. Several studies [3] [4] [5] [6] [7] [8] aimed to correlate DPB1 mismatches with acute GVHD and survival with conflicting results. However, a recent publication using full molecular HLA typing 9 showed an important role of HLA-DP in the alloimmune response.
In this study, we aimed to correlate DPB1 mismatches to already described risk factors of acute GVHD using a multivariate Cox regression analysis. For this purpose, we studied 57 donor/recipient transplant pairs fully matched for the alleles HLA-A, B, C, DRB1 and DQB1 and also for the alleles DRB3, 4 and 5 in order to eliminate the alloimmune impact of these HLA molecules.
Materials and methods

Patients
Fifty-seven patients who received hematopoietic stem cell transplantation from an unrelated donor between 1994 and 1999 were included in the analysis. The donor/recipient pairs were selected to be identical for HLA-A, -B, -C, -DRB1, -DRB3, B4 or B5, -DQB1 alleles. Main patient-, donor-, disease-, and transplant characteristics are described in Table 1 .
The 57 patients were classified into two risk groups according to the disease. The 42 patients suffering from All patients received bone marrow, except one who received mobilized peripheral blood hematopoietic stem cells.
Methods
Histocompatibility typing of HLA class I: Serological typing for HLA-A and -B was performed using the standard microlymphocytotoxicity method 10 with monoclonal antibodies (One Lambda, Inc., Canoga Park, CA, USA) which defined 24 HLA-A and 48 HLA-B antigens.
High resolution typing of HLA-A, -B and -C: HLA-A, -B and -C high resolution typings were performed using specific allele PCR-SSP kits (Dynal, Compiègne, France).
Histocompatibility typing of HLA class II:
HLA-DRB1-DQB1 and HLA-DPB1 medium resolution typings were performed using the PCR-SSO reverse dot blot kits from Innogenetics (Innolipa DRB key and Innolipa DQB kits) (Zwijndrecht, Belgium) and HLA-DRB1, -B3, -B4 and -B5 high resolution typings using a local PCR-SSP/RFLP technique 11 or using allele specific PCR-SSP kits from One Lambda. Persistent HLA-DPB1 ambiguities of typing were resolved by a local PCR-RFLP typing. 3, 12 Because of the strong linkage disequilibria between DPA1/DPB1 8, 12 and DQA1/DQB1 alleles, we did not perform the DPA1 and DQA1 typings for the evaluation of the donor/recipient matching.
Statistical methods
Grading the severity of acute GVHD was performed according to Glucksberg's criteria, 13 with modifications introduced in 1996.
14 Survival rates and complication cumulative incidence rates were estimated using the Kaplan-Meier method 15 and compared curve by curve by the logrank test. The influence of factors on disease-free survival or on GVHD cumulative incidence was examined using the proportional hazard model. 16 If the relative death, or GVHD rates in two adjacent categories were not substantially different, these categories were grouped together.
Variables changing with time, such as acute GVHD, were used in the proportional hazard model as time-dependent covariates. In the multivariate procedure, a P value less than 0.05 was considered as significant. Relative risks of dying or of GVHD occurrence were presented as mean estimates with a 95% confidence interval (95% CI). The Statistical Package for Social Scientists (SPSS) was used for data management and for survival analyses. The variables retained for the multivariate analysis of GVHD were: recipient and donor age, disease risk, donor and recipient CMV status, donor and recipient gender (sex match or mismatch) and DPB1 incompatibility; for survival, the variables retained were: recipient and donor age, disease risk, donor and recipient CMV status, donor and recipient gender, DPB1 incompatibility, grade of acute GVHD and T cell depletion.
Results
Demographic characteristics
Patient and donor characteristics are displayed in Table 1 . Recipients having 0, 1 or 2 DPB1 incompatibilities with their donors constituted three groups who were balanced for the different variables included in Table 1 (age, disease risk, CMV status, sex matching, GVHD prophylaxis and conditioning regimen).
Donor/recipient matching for HLA-DPB1
Among the 57 transplant pairs selected for their HLA-A, -B, -C, DRB, and -DQB1 allelic identity, DPB1 identity was observed in 24% (14/57) and compatibility in 42% (24/57). DPB1 compatibility with respect to GVHD was considered to be those transplants where no DPB1 difference exists between recipient and donor (DP identical) and those where the recipient is homozygous for one allele that is shared by the donor. One DPB1 incompatibility was observed in 39% (22/57) and two in 19% (11/57).
Analysis of factors influencing acute GVHD
Of the 57 patients, 35 developed a grade 0-I GVHD, 15 developed a grade II GVHD and seven developed a grade III-IV GVHD. The distribution of severe acute GVHD (grade III-IV) was different between the group of patients with 0-1 and the group with two DPB1 disparities (3/46 or 7% vs 4/11 or 36%, respectively, P = 0.02) (Figures 1  and 2) . In a multivariate Cox regression analysis studying the following factors: recipient and donor age, disease risk, donor and recipient CMV status, donor and recipient gender (sex match or mismatch) and DPB1 incompatibility, two factors were significantly associated with severe GVHD (grade III-IV): two DPB1 incompatibilities (0, 1 vs 2) (RR = 8.25, 95% CI: 1.67-40.1, P = 0.010) and the disease risk (low vs high) (RR = 10.23, 95% CI: 1.12-93.13, P = 0.012) ( Table 2 ). The absence of GVHD in patients receiving T cell-depleted grafts meant that Cox regression analysis of the impact of T cell depletion on GVHD was not possible. These results clearly showed that two DPB1
Bone Marrow Transplantation disparities between donor and recipient is a risk factor of severe acute GVHD.
Analysis of factors influencing the survival
Survival at 1 year post transplant was 40%, 49% and 9% in the groups of patients with 0, 1 and 2 DPB1 disparities, respectively, and the survival rates were significantly different between the groups with 0 and 2 DPB1 incompati-Bone Marrow Transplantation ), recipient's CMV serostatus (RR = 3.51, 95% CI: 1.62-7.60, P = 0.001) and acute GVHD (grade II-IV) (RR = 1.71, 95% CI: 1.01-2.87, P = 0.044) ( Table 3) .
These results showed that two DPB1 incompatibilities is predictive of poor survival and that the effect on survival is not only through the impact on GVHD.
DPB1 mismatches and relapse
Eleven patients out of the 42 patients eligible for this complication underwent a relapse. Among these 11 patients, six presented no DPB1 mismatches and five presented one or two DPB1 mismatches. Statistical analysis did not show any significant impact of DPB1 mismatches on relapse.
DPB1 polymorphism
The DPB1 polymorphism is restricted to six hypervariable regions (HVR) of exon 2 (amino-acids (aa) 8-11, aa 33-36, Table 3 Factors influencing patient survival (multivariate Cox analysis)
Variable
Relative risk (95% CI) P Acute GVHD (0-I vs II-IV) aa 55-57, aa 65-69, aa 76 and aa 84-87). The biological significance of each HVR matching on GVHD and survival was tested and no correlation was observed. Whilst it appears that glutamic acid at position 69 (E69) in the DP␤1 molecule is a key residue in the alloimmune response [17] [18] [19] and antigen presentation, 20 we did not detect any effect of E69 incompatibility on either survival or acute GVHD.
Discussion
HLA-DP molecules are not only class II molecules from a structural point of view, but they are fully functional: they can present peptides to T cells, 20 can induce an in vitro 3, 19, [21] [22] [23] and an in vivo 24, 25 T cell response and DP polymorphisms are susceptibility factors in certain diseases. [26] [27] [28] [29] [30] These observations suggest that the DP molecule could act as a transplantation antigen.
Several studies have shown that mismatching at the HLA-DPB1 gene is very frequent in unrelated hematopoietic stem cell transplantations (70 to 80%). 6, 8 This is due to the extreme DPB1 polymorphism and to the low or absent linkage disequilibrium between DPB1 and DR/DQ loci. Among the 57 transplant pairs identical for HLA-A, -B, -C, -DRB1, B3, B4 or B5 and -DQB1 alleles, 24% of the transplant pairs were DPB1 identical and 42% were compatible. The increased compatibility is due mainly to DPB1*0401 homozygosity which is the most common DPB1 allele with an allelic frequency of 50%. The percentages of DBP1 identity and compatability observed in this work are twice as high as those observed in Varney's study 8 who reported 11% and 27% of transplant pairs to be DPB1 identical and compatible. As the transplant pairs of the present study were chosen to be identical for the alleles HLA-A, -B, -C, -DRB and -DQB1, a higher rate of transplants with conversed haplotypes was probably included in this study explaining the higher proportion of DBP1 identity or compatability. This hypothesis is confirmed by Petersdorf's study, 9 in which the percentage of DPB1 identical pairs was similar to our cohort.
Using an univariate and multivariate Cox analysis, a significantly increased frequency of severe GVHD was observed in the two DPB1 mismatched compared with the matched and single allele-mismatched transplants which were otherwise fully allelic HLA matched in order to eliminate any contribution from these genes to the clinical endpoints. However, as the hematopoietic stem cell transplantation with T cell-depleted bone marrow are characterized by a very low rate of acute GVHD, two DPB1 disparities are risk factor for severe GVHD in non-T cell-depleted BMT. The isolation of DP restricted T cells invading a skin lesion at the onset of GVHD in an otherwise HLA matched unrelated bone marrow transplant is further evidence for DP incompatibility as risk factor of GVHD. 24 Two DPB incompatibilities also appeared to be a factor in poorer survival in our study independent of GVHD, and to have no impact on relapse. The way in which DPB1 mismatches impair survival independently is unclear. Two possible explanations are: (1) an ineffective presentation of peptides by the DP molecule to host cells leading to a less effective anti-infectious response; (2) delayed immune reconstitution through an attack of the DP mismatched cells by the host.
The impact of HLA-DP mismatches on the outcome of unrelated hematopoietic stem cell transplantation has been controversial for a long time.
3,4,6-8 However, Petersdorf et al have shown recently an important role for the DP molecule in the induction of severe GVHD in patients suffering from CML, who received hematopoietic stem cells from an unrelated donor molecularly matched for HLA-A, -B, -C, -DRB1 and -DQB1. 9 Our study confirms the impact of DPB1 mismatches on severe GVHD in patients fully HLAmatched including HLA-DRB3, -B4 and -B5 loci. Indeed, mismatches for the second DR gene which occur in 5% of fully HLA matched individuals (except for DPB1) (data not shown) could contribute to the clinical end-points and give confusing conclusions. Moreover, our work which studied patients suffering from diverse diseases (malignant and non-malignant), confirms that DPB1 impact on GVHD is independent of the diagnosis. In contrast to our findings, Petersdorf et al did not observe a significant difference in survival between matched and mismatched DPB1 grafts. However, as GVHD is the main risk factor for poor survival and as DPB1 mismatches are a risk factor for GVHD, an impact of DPB1 mismatches on survival is expected.
In conclusion, the results of this study provide evidence of a deleterious effect of two DPB1 mismatches on the occurrence of severe acute GVHD and on patient survival in unrelated hematopoietic stem cell transplantations that are matched for HLA-A, -B, -C, -DRB and -DQB1. alleles. As an effect of multilocus mismatching for class I and class II (DR and DQ) on GVHD and survival has been shown, 31 it is tempting to speculate that in partially matched grafts for the other HLA loci, DPB1 mismatches could participate in this multilocus mismatching effect.
Our data indicate that the results of unrelated hematopoietic stem cell transplantations could be improved through matching of donors and recipients for HLA-DPB1 or at least by avoiding two DPB1 mismatches.
